This paper examines whether the introduction of Chinese stock index futures had an impact on the volatility of the underlying spot market. To this end, we estimate several Generalized Auto-Regressive Conditional Heteroscedasticity (GARCH) models and compare our findings for mainland China with Chinese index futures traded in Singapore and Hong Kong. Our results indicate that Chinese index futures decrease spot market volatility all three spot markets considered. In contrast, we do not obtain the same results for the companion index futures markets in Hong Kong and Singapore. China's stock market is relatively young and largely dominated by private retail investors. Nevertheless, our evidence is favorable to the stabilization hypothesis usually confirmed in mature markets.
Introduction
Since the introduction of index futures trading, extensive research has been devoted to the question whether index futures trading results in volatility spillovers between futures markets and their underlying spot markets. A vast part of the literature has upheld the so-called stabilization hypothesis which posits that futures markets reduce volatility of the underlying spot market. By contrast, others find that the introduction of futures markets increases stock market volatility. Unsurprisingly, this phenomenon is referred to as the destabilization hypothesis.
Many of the futures markets investigated in the literature are homogeneous in terms of their investor structure. Historically, the introduction of futures trading in developed financial markets coincided with the rise of institutional ownership in the early 1980s.
Hence, futures markets typically investigated in the earlier literature are dominated by institutional investors. These institutions are presumed to be run by well-informed, rational investors as opposed to individual investors, who are viewed as uninformed or driven by sentiment or other behavioral biases (Lee et al., 1999; Cohen et al., 2002; Barber and Odean, 2008; Kaniel et al., 2008) . Early empirical findings indicate evidence in favor of the stabilizing hypothesis for mature financial markets dominated by institutional investors. In contrast, papers focusing on developing derivatives markets typically dominated by individual investors report evidence in favor of the destabilizing hypothesis.
China's stock index futures provides a unique and interesting setting for research: it is a large market dominated by private investors as opposed to institutional investors.
It is the first market in mainland China, where futures on Chinese stock indices can be bought. Previously, investors' only option was to trade Chinese stock index futures offshore in Singapore and Hong Kong. Accordingly, we compare our findings to developments in both the A50 and HSCEI sister markets. This makes an investigation of the introduction of a mainland market all the more interesting from the perspective of the stabilizing role of futures markets. Equally important is that, given their location, there may well be spillover effects between the three markets that are also considered in this study. To the extent that there are institutional characteristics which may lead to differences in market behavior it is of considerable interest to investigate these effects.
This also represents another feature of our analysis which, as far as we are aware, has not before been considered in the extant literature.
On April 16, 2010, the Shanghai-based China Financial Futures Exchange (CFFEX) launched the country's first stock index futures on the CSI300 index. With 93.3 million futures contracts traded with a notional value of USD 12.1 trillion in 2012, the CSI300 index futures market is one of the largest in the world. At the same time, it is a tightly regulated market with high barriers to entry and an interesting investor structure: 98 percent of CSI300 index futures market participants are so-called retail investors; only up to 2 percent are (foreign) institutional investors. Given this unusual setting, it is of separate interest to investigate whether the introduction of the CSI300 index futures had an impact on the volatility of prices in the underlying spot market. As the CSI300 index futures market is a relatively young, yet impressively large market where typical institutional investors play a negligible role, we assume to find evidence in favor of the destabilizing hypothesis. However, investors in the CSI300 futures market face high monetary and regulatory barriers to entry. Therefore, their characteristics must certainly differ from what is commonly known in the financial literature. One may therefore question if our preliminary hypothesis is plausible.
To the best of our knowledge, the type of comparison undertaken in this paper
has not yet been considered in the literature. To this end, we follow the existing literature and estimate different varieties of Generalized Auto-Regressive Conditional Heteroscedasticity (GARCH) models. Besides the widely used GARCH(1,1)-model, we also consider both GJR-GARCH and EGARCH variants.
The rest of the paper proceeds as follows: Section 2 outlines the history and institutional setting of the markets under consideration. Section 3 offers a brief literature review, Section 4 describes the data and methodology. Section 5 provides our empirical results while Section 6 concludes. Additional institutional information on Asian spot and derivatives markets is provided in the Appendix. 
The Chinese Spot and Derivatives Market(s)
Since
CSI300 index futures market was finally launched.
2 It is interesting that the market was launched in the aftermath of the so-called global financial crisis (GFC) and shortly after Europe's own financial crisis erupted in May 2010.
The Chinese authorities designed markets with conservative specifications and high barriers to entry. The contract size is the index value of the CSI300 index futures multiplied by Chinese Yuan Renminbi (CNY) 300 (approximately USD 48). The relatively large multiplier of 300 tends to discourage participation of small investors in the market. Five futures contracts are traded simultaneously; their expiration dates fall over the next three consecutive months and the two nearest quarter-end months (which are March, June, September and December). The third Friday of each month is the settlement day and the settlement price is calculated as the arithmetic average of the CSI300 spot index during the last two trading hours of that day. A price limit of +/-10 percent with respect to the settlement price of the last trading day ought to limit extensive price fluctuations. In addition, if changes in the daily futures price exceed 6 percent and last for more than a minute, bid/ask quotes are restricted to a range between +/-6 percent for the following 10 minutes. This procedure is designed to stabilize the futures market under conditions of extremely high volatility.
Before opening a futures trading account, investors are required to deposit at least CNY 500,000 (approximately USD 81,000 Following changes leading to extended trading hours, reduced entry barriers, smaller contract sizes, and lower margin requirements, A50 trading volume increased sharply.
The contract months are the two nearest consecutive months and March, June, September and December on a one-year cycle. The last trading day is the second last business day of the contract month. The final settlement price is the official closing price of the FTSE China A50 index rounded to the nearest two decimal places. There are price limits of 10 percent and 15 percent from the previous day's settlement price followed by a cooling off period of 10 minutes when the limit is reached. There are no price limits for the rest of the day nor for expiring contracts on their last trading day.
Although the A50 futures market's trading volume is only 9 percent of that of the CSI300 futures market, it has some advantages over the much larger futures market in 3 Relevant information from http://www.sgx.com/wps/portal/sgxweb/home/products/ derivatives/equity/chinaa50 and own calculations.
Shanghai. First, the A50 index futures market has considerably lower entry barriers for investors. Its contract size is smaller and its initial margin is lower. Second, the A50 futures market opens 15 minutes earlier and closes 10 minutes later than the CSI300 futures market. In addition, there is no lunch break in the A50 futures market.
Investors can therefore trade in the market longer and without mid-day interruptions.
Third, the A50 futures market has an additional T+1 session that lasts until the next day. When the market has unexpected news during extended T and T+1 sessions, the only place where investors can trade is the A50 futures market. Fourth, the A50 futures contract is settled in USD, which is particularly convenient for international investors. Chinese domestic investors as well as foreign institutional investors who can participate in the market through the QFII scheme generally prefer CSI300 index futures over A50
futures.
The CSI300 futures market has grown quickly. Based on trading volume, it now has 2.5 times the size of both the French CAC40 and the German DAX30 index futures markets. 
Literature Review
While it is well-established that futures markets are closely linked to the underlying spot markets through the process of arbitrage, two main lines of argument exist in the theoretical literature concerning the impact on underlying spot market volatility from the introduction of a futures market.
On the one hand, it is argued that futures markets have a stabilizing effect on the underlying spot market because futures trading improves price discovery, enhances market efficiency, increases market depth as well as information flows and contributes to market maturity. As a result, the introduction of futures trading reduces the volatility of the underlying spot market (Powers, 1970; Danthine, 1978; Bray, 1981; Kyle, 1985; Stoll and Whaley, 1988) . Turnovsky (1983) demonstrates theoretically that derivatives trading has a stabilizing effect on spot prices. Danthine (1978) argues that futures traders are better informed than spot traders, and hence futures prices transmit information to relatively uninformed spot traders. In addition, Cox (1976) and Hiraki et al.
(1995) present empirical evidence that futures traders are better informed than spot traders. This results in a stabilization in the spot market.
However, increasing spot market volatility following the introduction of futures trading need not have a negative connotation: if new information is effectively transmitted from the futures market to the cash market such that the information flow into the spot market is improved following the onset of futures trading, spot market volatility should increase (Ross, 1989) .
Futures trading can destabilize the underlying spot market by increasing stock market volatility due to the impact of uninformed investors. Attracted by relatively low transaction costs, high degrees of leverage, and the ability to sell short, badly informed investors induce noise in the price discovery process and lower the information content of prices. This implies an increase in spot market volatility (Cox, 1976; Cagan, 1981; Stein, 1987) .
Hart and Kreps (1986) argue that speculative activity is likely to destabilize prices regardless of how well these speculators are informed. They will buy when the chance of rising prices increases and they will sell as prices are likely to fall. This trading behavior raises price variability in the short term under otherwise equal conditions.
The theoretical literature prompted a number of empirical investigations yielding conflicting evidence. Most early empirical investigations focus on mature stock and futures markets that are typically viewed as being dominated by well-informed institutional investors.
Index futures markets were mainly introduced in the 1980s. At that time, institutional investors were the dominant players in developed international equity markets.
Typically, the literature regards institutional investors as informed traders while individual investors are characterized as uninformed traders (e.g. Lee et al., 1999; Cohen et al., 2002; Barber and Odean, 2008; Kaniel et al., 2008) . Cohen et al. (2002) show that institutional investors' trading decisions are based on fundamental information. As a result, institutional investors drive stock prices to their fair values and thereby exert a stabilizing effect on prices. In comparison, individual investors are less well informed (Dennis and Weston, 2001 ). Therefore, their trading decisions are more biased by behavioral aspects (Kamesaka et al., 2003 ).
An obvious way to empirically investigate the impact of investor behavior on market stability is to examine the sources of changes in the volatility of returns. In addition, one may want to discriminate between mature and newly created markets for stock index futures. We consider select contributions to both strands of the literature.
Harris (1989) reports statistically but not economically significant increases in stock index returns volatility due to futures trading in the United States. Maberly et al.
(1989) find that volatility rose subsequent to the introduction of index futures on the S&P 500. Lockwood and Linn (1990) , Baldauf and Santani (1991), Brorsen (1991) and Pericli and Koutmos (1997) confirm this. Damodaran (1990) finds that the daily price volatility of all the S&P 500 shares increased after the introduction of the S&P 500 futures contract, but that the increase was not statistically significant.
Antoniou and Holmes (1995) examine the British market and find increasing spot market volatilities after the introduction of the FTSE-100 Stock Index Futures. However, they report that the nature of volatility has not changed post-futures introduction.
The authors find that the futures have improved the speed and quality of information flowing to the spot market.
Comparing markets in Germany, Japan, Spain, Switzerland, the United Kingdom and the United States, Antoniou et al. (1998) find that the futures introduction has not had a detrimental effect on the spot market. It appears that there has been an improvement in the way that news is transmitted into prices following the onset of futures trading. Therefore, the view that market turbulence results from the introduction of derivative trading appears unfounded. Chang et al. (1999) confirm the hypothesis that future trading increases spot market volatility in Japan but that there is no volatility spillover to stocks against which futures are not traded. Lee and Ohk (1992) We follow the majority of papers cited here in choosing a GARCH approach to model volatility spillovers for data at the daily frequency. However, owing to its recent creation the sample from the mainland Chinese market(s) is shorter than in some of the studies cited above. In general, samples based on the experience of emerging markets tend to be shorter than in papers that investigate the impact of futures markets on spot markets in mature economies.
Data and Methodology

Data
We analyze the impact of the introduction of the CSI300 index futures on different spot markets in the region. The spot index counterparts are the A50 spot index in Singapore and the HSCEI spot index in Hong Kong, in addition to the CSI300 spot market in Shanghai.
The times series for the CSI300 spot index begins with its introduction on April 8, As the relevant exchange rates become available to Datastream at 16:15 GMT each day, we use a one-day lag to account for time differences between GMT and GMT+8, the time zone in which all markets under consideration operate.
For each index, we calculate continuous returns in percent:
After excluding non-trading days, our samples consist of 1991 usable observations for the CSI300 index, 3270 observations for the A50 index and 3294 observations for the HSCEI. 
Econometric Approach
Conditional variance is time-varying. Accordingly, we estimate varieties of GARCH models (Bollerslev, 1987) as these are frequently used in similar contexts and thus permit comparability with the extant literature. Frequently, disturbances are assumed to follow a t-distribution. However, we also estimate all models under the assumption of a normal conditional error distribution as additional robustness checks.
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The final model specifications are chosen by the general to specific approach. All models consist of the same mean equation and a number of different variance equations.
To facilitate distinction between the three different spot markets considered, we add the respective superscripts CSI300, A50 and HSCEI to the estimated coefficients both in the text and in the output tables. Our mean equation is specified as follows:
It takes into account first-order autocorrelation in stock returns as well as international interdependence of the Chinese stock market; r Assuming a GARCH(1,1) structure leads to the specification of two different variance equations:
In equations (2) and (3) To capture the impact of the GFC on spot market volatility, we also include the crisis dummy variable in all volatility equations. Moreover, we wish to account for possible volatility spillovers between international stock markets as well as the sister spot markets. To this end, we include three different variances into each volatility equation. They were obtained from basic GARCH(1,1) estimations taking into account the impact of the GFC. Due to differing time zones and trading hours, we include the contemporaneous value of the MSCI variances and one lag of the A50 and the HSCEI variances.
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To account for the fact that positive and negative shocks can have different effects on subsequent volatility, next we consider GJR-GARCH models as proposed by Glosten et al. (1993):
I t takes on the value of zero if the return innovation is zero or positive, i.e., t−1 ≥ 0, and the value of one in case of negative return shocks, i.e., t−1 < 0. A statistically significant and positive γ 3 (γ 14 ) coefficient indicates that negative return shocks increase the conditional variance more strongly than positive return shocks. Setting the asymmetry coefficient equal to zero yields the conventional GARCH(1,1) specification.
Lastly, we estimate an EGARCH model since this allows for asymmetric responses of conditional volatility to positive and negative shocks. Following Nelson (1991), the EGARCH models modified for our purposes are specified as follows:
where log(h t ) is the logarithmic conditional volatility of t . In (6), a positive θ 1
indicates the degree of volatility persistence; θ 2 captures the asymmetric effect, while θ 3 measures the magnitude effect. If θ 2 is statistically significant and negative, the negative shocks have a stronger impact on conditional volatility than positive shocks, implying the so-called leverage effect.
To generally ensure stationarity of the GARCH process, the estimated coefficients in front of the lagged variance and the lagged error term must sum to less than unity, i.e., in equation (2) β 1 + β 2 < 1 and in equation (4) γ 1 + γ 2 < 1. Moreover, these coefficients must be positive to ensure that the variance is always positive. However, our model specifications include additional explanatory variables in the variance equations whose estimated coefficients may well be negative. For instance, a negative β D in equation
(2) yields evidence in favor of the stabilizing hypothesis. It indicates that the variance falls after the introduction of futures trading. This does not imply that the variance becomes negative. Likewise, a negative β 4 highlights spillover effects between the MSCI and either of the three Chinese stock markets. Again, it does not mean that the variance becomes negative. In addition, the EGARCH model specification allows for all estimated coefficients to be negative: The implied value of h t can never be negative regardless of the magnitude of log(h t ).
We estimate the mean equation (1) and the respective volatility equations (2) to (7) via maximum likelihood estimations based on the BHHH algorithm proposed by Berndt et al. (1974) and employ p-values based on Bollerslev and Wooldridge (1992) robust standard errors, if applicable. Returns in all three markets indicate skewness and excess kurtosis, a finding that mirrors the properties of most financial time series. Kurtosis is higher before rather than after the introduction of CSI300 index futures in all three markets. One possible explanation may be that the futures introduction coincides with the end of the GFC.
Empirical Results
During the crisis, extreme market outcomes such as very high and very low daily returns were more likely than afterwards.
Both minima and maxima of all three indices considered are in line with the extrema for broad international stock indices. Ranging between plus and minus 15 percent, only the HSCEI's return varies a little more than the S&P500, the MSCI World Index or the FTSE All World index, whose daily returns fluctuate between plus and minus 10 percent during our sample period. are positive and highly significant in all model specifications. This suggests that returns of the MSCI have a strong impact on returns of the CSI300 spot market.
Neither the GFC nor the introduction of CSI300 index futures appears to have had a significant effect on the dependent variable. The finding for the GFC holds true for various robustness checks with different start and (or) end dates for the dummy specification (not all results are shown). Table 2 about here.
The results of the estimation of equation (2) is negative and significant. Hence, the introduction of CSI300 index futures had a calming impact on CSI300 spot market volatility even if we control for the (end of the) GFC. Moreover, we find a high degree of volatility clustering as well as shock persistence. Neither the GFC-dummy itself nor the volatility of the HSCEI sister spot market are found to exert any impact on the volatility in the CSI300 spot market. However, there is empirical evidence for spillover effects between the CSI300 spot market and the A50 spot market (β CSI 5 is negative and significant). It is not an accident perhaps that the A50 market is located outside the influence, direct or indirect, of Chinese authorities who have, at the very least, moral suasion over behavior in the HSCEI market.
Generally, the foregoing findings are confirmed by the results of the estimation of equation (3): The introduction of CSI300 index futures had a calming effect on the volatility of its underlying spot market. Moreover, a positive and significant β CSI 16 now suggests spillover effects between the HSCEI spot market and the CSI300 spot market.
Overall, as also shown below, it does not appear that spillover effects between the A50 and the CSI300 spot market are robust while the same cannot be said about the links between the HSCEI and the CSI300 markets.
As β
< 1, the stationarity condition is fulfilled. Both parameters are positive. This equally holds for all of the following results. In all models, the variance is always positive, even if some of the coefficients are negative.
Estimation of equation (4) is positive and highly significant, which shows spillover effects from the A50 spot market to its CSI300 sister spot market. This is confirmed by the results of the GJR-GARCH model in equation (5) substantiates the spillover effects between the A50 and the CSI300 spot markets.
Neither our results for the GJR-GARCH models nor the output for the EGARCH models report any significant leverage effect. The estimation output for both the GJR-GARCH II and EGARCH II model yields a significant and positive coefficient on the GFC dummy, suggesting that the crisis increased volatility in the CSI300 spot market. suggest spillover effects between the A50 spot market and both the CSI300 and the HSCEI sister spot markets. Again, no evidence for the existence of leverage effects is found. suggest negative spillover effects between the CSI300 spot market and its HSCEI sister market. Increases in the volatility of the CSI300 spot market tend to calm the HSCEI spot market. Finally turning to the examination of the two off-shore markets where index futures on Chinese stocks have been traded long before the introduction of CSI300 index futures, Table 5 shows the results for the A50 spot market and any possible impact of the introduction of A50 index futures. Overall, the different estimated coefficients on the dummy variable yield mixed results. For most model specifications, they are insignificant. In some cases, the evidence is favorable to the destabilizing hypothesis. have to be interpreted with caution. As outlined above and in the Appendix, A50
index futures trading was extremely narrow before the introduction of CSI300 futures. Table 6 summarizes our findings for the HSCEI spot market and its own index futures introduction. The relevant estimated coefficients are negative but insignificant. Hence, we find no evidence in favor of neither the stabilizing nor the destabilizing hypothesis.
Tables 5 and 6 about here.
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Conclusions
This paper examines the impact of the introduction of CSI300 index futures on the volatility of its underlying spot market. Equally importantly, we contrast these findings with the A50 and HSCEI spot and derivatives markets, where index futures on Chinese stocks are also traded. At the same time, we model spillover effects between the three markets. To the best of our knowledge, this approach has not been considered and provides new insights into the relevant literature.
The CSI300 derivative market provides a unique setting for our analysis. It is con- Overall, we find robust evidence in favor of the stabilization hypothesis. Our regression results show that the introduction of CSI300 index futures had a significant and negative impact on the volatility of the CSI300 spot index, as well as on both the A50 and HSCEI spot markets. In contrast, the introduction of A50 and HSCEI index futures had unanimous but certainly not calming effects on their respective underlying spot markets. These findings also hold when controlling for the impact of the (end of the) GFC.
Differences in the types of investors, the tightly regulated nature of China's futures market, together with the existence of two sister markets in the region where comparable stocks are traded, may well combine to explain why China's market resembles only include the volatility of one sister spot market in the different variance equations to account for possible spillover effects.
its counterparts in mature economies more so than in emerging markets. Of course, even allowing for spillover effects we cannot claim to have identified all of the sources of the stability inducing impact from the introduction of a futures market in China.
Consequently, there is more research to be done to improve our understanding of the market structures examined. For example, a distinction has to be made between constituent and non-constituent stocks. In addition, firm-specific and possibly further macroeconomic factors apart from the GFC ought to be considered. Notes: * , * * , * * * denote statistical significance at the 10%, 5% and 1% level. The estimated α-coefficients are substantially the same for the second set of variance equations.
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EGARCH ( • The QFII system allows licensed professional foreign investors to trade CNY denominated securities in China's mainland stock exchanges by converting foreign currency to CNY with a quota obtained from the relevant authorities. QFIIs have to satisfy minimum requirements regarding assets under management, paid-in capital and experience in trading.
• The CSI300 index components are adjusted every six months based on their size and liquidity by examination of daily average trading value.
• The settlement price of the nearby CSI300 futures contract was CNY 3431.2 on the first day of trading, giving each futures contract a notional value of CNY 1,029,360 (USD 150,811 at the exchange rate prevailing at that time). As the CSI300 futures market is a pure order-driven trading mechanism without market makers, trading is conducted by a central computer system which matches buy and sell orders.
• The A50 index itself accounts for approximately 47 percent of the total market capitalization of the entire A-share market. Right after the creation of A50 index futures in Singapore, the CFFEX was established in Shanghai and started preparing China's own index futures with four years of mock trading for large qualified domestic institutions. Most interestingly, there was almost no action in the A50 futures market until the introduction of CSI300 futures in April 2010.
Since the market revisions following the introduction of CSI300 index futures, both T and T+1 sessions offer extended trading hours in the A50 futures market.
Lunch break was canceled for a continuous T session from 09:00 to 15:25 local time (GMT+8h) and the T+1 session now trades from 16:40 to 02:00 the next day. The initial margin was reduced and is now USD 500; the maintenance margin is USD 550. The tick size is 5 index points worth USD 5 each.
• In the HSCEI index futures market, trading hours are from 09:15 to 12:00 noon and from 13:00 to 16:15. Since April 8, 2013, there exists an additional T+1 session from 17:00 to 23:00. Trading of expiring contracts closes at 16:00 on the last trading day, which is the business day immediately preceding the last business day of the contract month.
• The correlation between the CSI300 and the A50 spot index is 0.97. The correlation between the CSI300 and the HSCEI is 0.92 and the one between the A50 and the HSCEI is 0.84. The extremely high correlation between the CSI300 and the A50 stems from the fact that the 50 stocks with the highest weight in the CSI300 index are those forming the A50 index.
• With an average of 400,025 contracts traded per day since their introduction, trading volume in the CSI300 futures market is much higher than in the A50 Tables 7, 8 and 9 show the regression results for three different principal component series and the possible impact of the CSI300 index futures introduction. The first series (Table 7) captures the principal components of the CSI300, the A50 and the HSCEI spot indices. Generally, we find empirical evidence in favor of the stabilizing hypothesis. Table 8 summarizes our findings for a series containing the principal components of the CSI300, the A50, the HSCEI and the MSCI index. The results are not unanimous.
Principal Component Estimation Results
While the estimated coefficients of the GARCH I, GJR-GARCH I and EGARCH I models show no significant impact of the futures introduction, the GARCH II, GJR-GARCH II and EGARCH II models yield evidence in favor of the stabilizing hypothesis.
Lastly, estimating our models with a principal component series that combines the three Asian indices, the Chinese B35 index, the EuroStoxx50 index and the S&P500 index shows no significant impact of the futures introduction at all (Table 9) . Therefore, we can summarize that this robustness check strongly confirms the results outlined above. Tables 7, 8 and 9 about here.
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12 As the PC series mirror the CSI300, the A50 and the HSCEI, all summands referring to spillover effects across these markets are excluded. In line with this, all summands including the MSCI index are eliminated from the models when the MSCI itself enters the PC calculations. Notes: * , * * , * * * denote statistical significance at the 10%, 5% and 1% level. The estimated α-coefficients are substantially the same for the second set of variance equations.
Mean Equation: rt = α Notes: * , * * , * * * denote statistical significance at the 10%, 5% and 1% level. The estimated α-coefficients are substantially the same for the second set of variance equations.
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